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{54} S«*nfc^cfe>ciqcctevk*at^ 



{57} An Si^Ge, layer (where O^l}. an Si layer 
containing C, a gate insulating film and a sate efectrode 
are formed in this order on a setrtcondudw substrate. 
An Si/SiSe hetaropirtcSon fe formed between the Si and 
%^3% layers. Smce C is contained in the Si (ayec, 
movement, diffusion and segregation of Ge atoms in the 
S»i. ¥ Qe y iayer can be 



moMtity ot carriers rrwvmg atone, the interface in the 
channel can be increased. That is to say, the thermal 
budget ot the semiconductor device during anneaiino 
can be improved. Also, by arading m& concentration 
prc#8eof C, thedifftjskJrt of C into the oate insuM^fSm 
can be suppressed and decline in reJiabity can be pt e- 



©ased and can be kept definite and planar. Thus, the 




Fig. 5 (a) 
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between Si atoms (nai shown) in the i-Si cap layer 542 
and Ge atoms 506 in the i-SivyGe, layer 51 9- As a 
result the structure of the $i/S»V ? Gey interface 536 
becomes out of order and the boundary between the t- 
SivyGey teyer $19 and i-Si cap layer 542 cannot be 5 
bested definitely anymore, in figure 13(b), the t-Si,- 
y Ge y layer Si 9 and i-Si cap layer $42 are illustrated as 
being clearly divided layers tor trie illustrative purposes 
only. Actually, though, the boundary between these lay- 
ers 519 ant* 542, i.e., the interface 536, is not so definite « 
as toe illustrated one. 

£80263 m a fabrication process of s semiconductor 
device such as a field effect transistor, just after dopants 
have been introduced by ion implantation, for example, 
to define p- and n-type doped regions, those dopants « 
are not located at crystal lattice sites. Thus, to make 
these dopants aci as donors or acceptors, annealing is 
conducted el an elevated temperature, thereby activat- 
ing the dopants, in this case, annealing is carried out at 
a temperature as high as about 900»C. Thus, the Ge &> 
atoms S06 in the i-5ii_ y Ge y layer St S move and diffuse 
particularly actively. 

{0081} Figures 13(c) and 13(d) are cross-sectional 
views illustrating post-annealing states of the region 
R50b shown in Figure 1 3{t>) where the thicknesses of as 
the i-Si cap layer 542 are relatively smaff and targe, 
r essectivety. As a result of annealing, the Ge atoms 506 
move and diffuse to cause segregation or lattice defects 
and the dsfiniieness and planarity of the S/SK-yGe, 
interface 536 are tost as disclosed by F. K. LeGoues, $. x 
a Iyer, K, N. Tu and S. L Deiage in Mat. Res. Sec. 
Symp. Proc, Vol. 503. 185 (198S)- As also described in 
this document, the movement, diffusion and segrega- 
tion of the Ge atoms are particuiaffy noticeable in an 
SiGs layer to which some strain is applied, as 
(0022] According to the first and second prior art 
eompfes. the SiOj layer 51? is formed as the gate 
oxide film by fhermal oxidation. However, during the 
thermal oxidation, the Ge atoms are segregated at the 
SirSiOa interlace 535 and increase toe oxidation rate as *c 
disclosed by G L Pafion, S, S. Iyer, S. L Deiage, E 
Ganin and R. C. Mcintosh m Mat. Res. Soc. Symp 
Prrje., Vol. 102, 2SS (1888), Such a phenomenon is 
believed to cause various adverse effects. For example, 
the interface level of the Si/StO;, interface S35 rises. *s 
thus adversely affecting the mobiBty of carriers moving 
in the p-charmel. The concentration distribution of Ge 
atoms might deviate from a desired one And since the 
oxidation rate increases, it might become difficult to 
form a thfn gate oxide tarn. so 
f0023J Thus, if the thickness of the i-Si cap layer 
542 "& set target than the drffuaon length of the Ge 
atoms as shown « Figure 13(d), ft might be possible to 
prevent the carrier mobility from being adversely 
affected by the structural disorder of the Si/Si,.^ ss 
interface 536, lr» such a case, however, a potential dif- 
ference is also applied to the i-Si cap layer 542. Accord- 
ingly, the driving power ol the transistor might possibly 



decrease. Also, since a parasitic channel is formed near 
the Si/SiOf interface 535 as shown in Figure 13(d), the 
carriers might deviate from the intended path and tie 
mobiitty thereof might decrease as a result. In addition, 
the structural disorder of the S/St^yGey interface 536 
and the lattice detects Such as dtsiocarions resulting 
from the annealing process are stilt left as they are. 
[0024] Some countermeasufes have been taken to 
solve such problems. For exampie, the annealing tem- 
perature could be lowered to a certain degree if the i- 
Sii.yGSy layer 519 and i-Si cap layer 542 are grown ept- 
taxtafty after the dopant tons have been implanted into 
the Si substrate 501 to define swrce/drain r egions and 
then activated through annealing, in such a case, how- 
ever, the ion-irnpSanted regions and the gate electrode 
516 cannot be self-aligned with each other, thus 
increasing the number of process steps, in addition, the 
dopant profile and gate alignment accuracy deteriorates 
due to the mask-tc-mask placement error invoked with 
a phaofrthographic process. 

[0025] The drawbacks of toe first prior art example 
have been specified above, tt is dear Stat to© same 
statement is true ot the second prior art example, 
because structural disorder is also brought about in the 
first end second SVSi 1 ,J3e y interfaces 537. 538 and in 
the third Si/Si^Ge, interlace 539. 

SUMMARY Of THE INVENTION 

{0026} An object of the present invention is provid- 
ing a semicoriductDr device including an Si/SiGe heter- 
ojunction, for example, with Its thermal budget 
increased by entencrrig the intertaeiai structure, or by 
getting toe defirsiteness and planarity thereof main- 
tained even if annealing is conducted thereon, and a 
method for fabricating such a device. 
[0027] A semiconductor device according to the 
present invention includes: a semiconductor substrate; 
a first serrtconductor layer, which is formed within the 
semiconductor substrate and is made of mixed crystals 
of multiple eterrtems; and a second semiconductor 
teyar, which is formed within toe semiconductor sub- 
strate to be in comae! with the first seracorcluetor layer 
and contains an inhibitor tor suppressing movement of 
at least one of the constituent elements o! the first sem- 
iconductor layer. The semiconductor device functions 
as & device using a beterojunciion formed between the 
first and second serniOTndoctor layers. 
I0028J In the inventive serriconductor device, the 
movement ol mixed crystal element through the inter- 
face betv/esn the first and second semiconductor layer 
can be stressed. Thus, even after annealing has 
been carried out the quaSty of toe mixed crystals can 
be kept good, the eiructura) disorder of the interface 
between toe first and second semSoortduetor layers can 
be suppressed and the interface can be kept relatively 
definite and planar. That is to say, the mobility of the car- 
riers moving along toe interface can be kept high, thus 
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not have increased, {here is no reason to think that the 
Si layer shrunk and the SiGe layer expanded. Rather, 
we should think ihat actually some structural disorder 
was brought about in the St'SiGe interface by the rtwe- 
mem and diffusion of Ge atoms, in oortrast, it the sam- 
ple had been i/npiarrted with C ions 'm advance, the 
crysiailinity of the sample was found good. This is prob- 
ably because me movement and diffusion of Ge atoms 
couid be suppressed during the subsequent annealing 
process and there was not so much disorder in the SiGe 
interface thanfcs to the existence of C atoms, 
£00571 Figures 5(3} and 5{») illustrate how the inter- 
facial structure changes through annealing tor a sample 
rol implanted with C ions and a sample implanted with 
C tons, respectively. As shown in Figure Sfa). if the sam- 
ple is not implanted with C tons, then ft is expected that 
a large number of Ge atoms would move, diffuse and 
segregate around the Si/SfOj interface located above 
as a resutt of anneaSng, in addition, in the sample not 
implanted with C ions, the composition thereof greatiy 
changes locally around the interface and the Ge atoms 
and S« atoms (not shown) do not form crystal lattice but 
are arranged non-regulariy in a disordered state. It is 
believed thai me interface- of such a sample becomes 
indefinite and more uneven for that reason, in contrast, 
in the sample that has been implanted w8h C tons, it is 
believed that the crystaBinity thereof is kept good and 
the St/SiGe interface is kept definite and relatively flat 
because the movement and diffusion of Ge atoms are 
suppressed as shown in Figure 509). ft should be noted, 
however, lhat the illustration on the lower tight comer of 
Figure 5{bJ shows an ideal state. Thus, it Is estimated 
that actually some structural disorder might be brought 
about in the interface even if the sample has been 
implanted with C tons. Also, we confirmed that the C 
atoms moved from the SiGe layer into the Si layer in the 
C-toiwmpJanted sample. 

{0058] At present it is not clear why the C ton 
impiamation suppresses the movement and diffusion of 
Ge atoms. However, we can at least conclude that by 
taking advantage Of such a phenomenon, the move- 
ment and diffusion of Ge atoms can be suppressed and 
the interface can be kept definite and planar even if a 
devfce including toe Si/SiGe hetefojunctton is annealed 
to acfeate fse dopant in addition, since the movement 
and diffusion of Ge atoms are suppressed, the number 
of Ge atoms segregated at the Si/SiOj interface can 
also be minimteed. Accordingly, if C ions ere implanted 
after SiGe and Si iayers have been stacked or if C 
atoms have been introduced in advance into the SiGe 
layer, then a ssrTsccndueSQr device including the 
Si/S(Ge heterojuridion can be fabricated by performing 
e smaller number of process steps with the gale eiec- 
trade sets-aligned with the soirrcardraifj regions. 
fOOSai Aiso, the movement and diffusion of Ge 
atoms in the StGi layer can be suppressed even after 
the C atoms have moved into the Si layer. Thus, it can 
be seen thai the structural disorder of the Si/SiGe inter- 



face due to the movement and diffusion of Ge atoms is 
suppressSbte if the C atoms have been introduced in 
advance into si least the Si layer. 
J0060] However, ft is known thai if a field effect tran- 
s sistor including the St/SiGe heterojuncta is fabricated 
by faking advantage of the Ge atom movement inhibit- 
ing function of C atoms, then the reliability Of the gate 
insulating film, or a gate oxide iim, in particular, of She 
field effect transistor declines because of the existence 
w ol the impurity. Thus, to ensure refiabflity for the gate 
insulating film, it is not preferable thai various organic 
compounds of C, O and H are for med in toe gate insu- 
lating film. Accordingly, in introducing C into the SiGe 
iayer, measures should be taken to prevent C from 
jf adversely affecting the gale tnsUatingfiim. Hereinafter, 
preferred embodiments of 'the present invention wSI be 
described based on the results of the foregoing expan- 
se EMBODIMENT 1 

{0061 J Figure 6f» is a cross-sectional view Slustrat- 
ing a structure of an HMOS transistor according to a first 
embodiment of the present invention. Figure 6{b) <s a 
» cross-sectional view illustrating a structure Of a realm 
ftlOa shown to Figure 6fa}. 

{0062} As shown in Figure 6f,a}. the HMOS transis- 
tor includes; Si siisstrate 101; p*~type potysiitcon gate 
electrode 116; SiOt> layer 117; intrinsic 0-} Si cap layer 

so 142; lower- Si cap layer 118 containing C; r-Si. y Gej, 
iayer 11& {where 0<y<t, e.g.. y*0.2); source comae! 
151 connected to a source region 153: and drain con- 
tact 152 connected to a drain region 154. In Frgure 6(a), 
me SKVSi interface and St/Si^Gey Menaces are 

3S identified by the reference numerals 13S and 13$, 
respectively. 

{00631 The basic Structure of the HMOS transistor 
shown in Figures 6(8} and 6fb) is the same as that of 
the HMOS transistor according to the first prior art 

40 example shown m Bguresl3{a) and 13{&}, Thus, in the 
foBowing description, the features of the transistor 
according to this embodiment w3! be mainly detailed, 
{0064] f According to the first errtwdimartt, the thick- 
ness of the i-Si,„ y Ge y layer 119 is sef equai to or Jess 

*s than the critical thickness thereof. Thus, the layers 118 
and 119 are in an equilibrium state with their crystaifetfy 
maintained and the mobility of carriers (hotes) has been 
changed due to a compressive strain applied. As 
dsserfeed above, to attain conducfivfty superior to toat 

95 of a homojuncSon transistor formed on an Si substrate, 
the interface should be kept def inite and planar. Thus, to 
suppress the movement and diffusion of Ge atoms and 
segregation of Ge atoms in a region jus! under the gate 
oxide iifcn. the tower Si cap layer 118 containing C is 

ss provided over the i-Si^Ge^ layer 119. In this case, fie 
cotKJenfrafcn of C to be doped should not to high 
enough to adversely affect the characteristics of the 
transistor or toe band structure thereof, ag„ about 1% 
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or less. With C contained, the interface can always be 
Kept definite and planar throughout the process steps of 
stacking the respective layers and the annealing proc- 
ess to activate the depart. 

[006S] Thus, as shewn in Figure £{bj, the holes can 
be centrists in a heterobarrier by utilizing the offset at 
the valence torsi. Accordingly, the Si/Si, .yCtey heiere- 
jonctjon device is applicable as a heterojunction PMQS- 
FET. When a negative voltage is applied to the gats 
electrode 116. the polarity of the regions surrounding 
the S/SfvyOey interface 136 is inverted, thus forming a 
p-channet where positive carriers (holes) are confined, 
in the SivySe, layer 1 19. As a result. those carriers 
move at a high velocity from the source 1 53 toward We 
drain region 1S4. According to ttiis emfaaeSmert, since 
the S/Si,.yOey interface 136 is planar, the p-channet is 
termed along the ptanar Si/Si^Ge, interface 136. and 
therefore, the carriers can move at an even higher 

[0066] Next, a method for fabricating the HMOS- 
FET according to the first embodiment will be descrfoed 
wito reference to Figures 7(a) through 7(d). As 
described above, H C exists in the Si/SiC^ interface 135, 
then the reiiabaiiy of the gate irtsufaiing film might be 
risked, thus, according to this embodiment, the i-Si cap 
layer 142 not retaining C is formed on the lower i-5i 
cap layer 118 containing C. And a gate oxide film is 
formed by getting the i-Si cap layer 142 eroded with oxy- 
gen (i.e., by an oxidation process). 
10067] First in the process step shown in Figure 
7(a), the i-Si,.yGey layer 1 19 is eprtaxiaHy grown on the 
Si substrate 101, 

[0068J Maw. in the process step shown in Figure 
7(b), the tower Si cap layer it 8 corttatoing C and i-Si 
cap layer 142 not containing C are stacked m this order 
on the i-Si,.yGe, layer 119. C may be introduced into 
the tower Si cap layer 1 18 by ion implantation, CVO, 
UHV-CVO or M££. tf the ton imptantation method is 
adopted, the C wn implantation may be performed in 
the rrsdcfla of the process step shown in Figure 7(b). i.e.. 
after the lower Si cap layer 118 has been formed and 
before the i-Si cap tayer 142 is formed. 
[00691 Then, m the process Step shown in Figure 
7(c), the i-St cap tayer 142 is oxidized, thereby forming 
the SiOj f9m 117 to be the gate oxide fSm. tn this proc- 
ess step, the oxidate may be stopped at about 7SQ°C 
just before the SirSiOj interface 135 reaches the tower 
0 cap layer 118 eortetog C white taking We diffusion 
rate of C and oxidation rate of Si into account 
[00703 Subsequently, to the process step shown in i 
Rgure 7(d). a p*-type pofysiiteon f am is deposited and 
then pafierned; thereby forming the gate electrode 1 16. 
Although the Sustratson of subsequent process steps is 
omitted, carrier dopant ions {e,g„ boron fiuonde (BF S *) 
ions in this erffooolmerrt) are implanted into the sub- i 
strata torn above the sate electrode as in the ordinary 
tvlQS transistor fabrication process, to this manner, the 
sourceAtram regions 153, 1S4 are defined to be sett- 



aligned with the gate eiaetrcde 116 (see Figure 6(a)) 
Furthermore, a metal trim is deposited over the sub- 
strate and then patterned, thereoy forming toe 
sourceAJrain contacts 151, 152 
JBD71} According to the method Of the first enfoodi- 
merit, by adopting the process steps shown in Figures 
7(a) through 7(d). She movement and diffusion of Ge 
atoms around the Si/Si^yGSy interface 136 is suppress- 
toie thanks to the Ge atom movement inhtoiting function 
of C. As a result, the interlace cars be kept definite and 
pianar and various adverse effects, such as destine in 
reJtabifrty resulting from the segregation ot 6e atoms 
around the SiOa film 117 during the formation of toe 
gate oxide film, can be eliminated. 

is [00723 As described above. C may be introduced 
into the tower Si cap tayer 1 1S by ton implantation with 
tow impiant energy, CVO using metftyt silane 
fSHsOy, UMV-CVD or MBE. When the fort implante- 
tion process is adopted, a certain quantity of C is 

w impianted into the i-S^Ctey layer 119, toe. in contrast 
H the CVD, UHV-CVD or MBE process i* adopted, then 
C can be introduced imo oniy trie tower Si cap layer 1 18, 
ft should be noted, however, that C may be introduced 
into the i-Si,. jGe y layer 119 even if the CVD. UHV-CVO 

s or MSE process is adopted. 

[0073} the dose of C to be introduced into toe tower 
Si cap layer 118 may be large to suppress the move* 
mart and diffusion of Ge atoms. Actually, though, it is 
known that once the concentration ot C exceeds 1%, 

o the crysiai structures of Si and SKSe layers are 
adversely affected. Thus, to make the semiconductor 
device with the SVStGe rmterojuncSon operate normally, 
toe concerttrafen o! C is preferably 1% or less. 

s EMBODIMENT 2 

[0074] figure 8 is a crcss-secftonal view iustralmg 
part of a semiconductor device according to a second 
embodiment of the present invention. Figure 8 Bius- 

3 traiesaverticafac^secSrjnotar^w 

gate eiectrode, gate insulating film and channel shown 
in Figure 9(b), which is a mufiifayer structure appficaols 
to both PMOS and NMOS transistor according to the 
second prior art exempts shown to figure 14(a) On the 

; teft-handstdeof Figure 8. shown is a valence band cor- 
responding to a negative gate bias voiage sppffed. On 
the right-hand side of Figure 8, shown is a conduction 
bend cwesponding to a positive gate bias voltage 
applied. 

> [00753 As shown in Figures 8, 9S» and 9{eJ, Si-,. 
„Ge, buffer layer 123, i-Si^Ge^ spacer tayer 121, 5- 
daped tayer 122, i-Si layer 128 containing C, ("Si^Gey 
layer 1 1 9 {where 0<y«1 , eg.. y*0.2J, tower Si cap tayer 
118 containmg C. i-Si cap tayer 142, SiOj tayer 117 

; foncSor^asagateirtsuteftog fiimsndpoly^ 
electrode 116 are stashed in this order. Also, SiO^ 
foterfaoe and first second and thW interfaces are iden- 
tSiedbythe refer ence numerals 135, 137, 138 and 139. 
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respectively. Furthermore, in Figure 8, Ge, C and 
dopant atoms are identified by the reference numerals 
196, 10? and 143, respectively. 
10076] According to this embodiment, an HCMOS 
device is made up of n- and p-ehannel MOS transistors 
each toetodtog the §1,^0% iayer 11S as if? the second 
prior art example. Also, according to this embodiment 
superior conductivity is attainable compared to a homo 
junction transistor termed on an Si substrate in addi- 
tion, since the n- and p-channei MOS transistors are 
termed using a common multilayer structure, the fabri- 
cation process thereof is simplified. 
{00773 As shown in Figures 8, 9(3} and 9{b). strain 
can be relaxed by the Si^Ge, {vhere 0<x<l, e.g., 
x=Q.3} butter layer 123, on which the l-Si^Ge, spacer 
layer 121 is formed. The tKfOped layer 122 tor supplying 
earners to the n-channel is defined within the r-Sii-xGe, 
spacer layer 121. The I-Si layer 120 to which a tensHe 
strain is applied, the S-S^.yGey layer 119 {where y=0.2) 
of which the strain has been relaxed, and the t-Si cap 
layer 1 1 8 to which a tensile strain ie appSed. are stacked 
one upon the other on the i-Si^Ga* spacer Saver 121 . 
On the i-Si cap layer 1 18, the SiOj layer 1 17 as the gate 
oxide fSrn and the sate electrode 1 1 6 are formed in this 
order via the i-Si cap layer 142 interposed therebe- i 
twasn, 

[00781 On 8te left-hand side of figure 8. sbownisa 
valence band appearing when a negative gate bias volt- 
age is applied to the murfi-layered transistor shown in 
the center of Figure 8 to make the transistor operate as ; 
PMOSFETT, On the right-hand side of figure 8, shown is 
a conduction band appearing when a positive gate bias 
voltage is applied to the murfilayered transistor to make 
the transistor operate as NMOSFET. That is to say, one 
of the transistors can be operated as PMOSFET and 3 
the other as NMOSFET by using the same muttiiayef 

{00783 To make the portion shown in the center of 
Figure 8 operate as PMOSFET, holes are confined in 
me p-ctiannel By ufifetog me offset at the valence band « 
in the first interface 137 between the i-StvyGey layer 
lis and the i-Si cap layer 118. And a negative gate bras 
voltage is applied to the gate electrode tl6, thereby 
making the holes mwe. tn this case, if the magnitude of 
the strain is adjusted by changing the Ge mole fraction « 
in the i-Si-t.jAey layer 119, then the band offset at the 
first interface 137 is contmlisbie. 
[0980] To make the portion shown in the center or! 
Figure 8 operate as NMOSFET, electrons are confined 
in the n-channel by utifetog the offset at the conduction $1 
band to the third sirferface 139 between the i-Si layer 
120 and the i-Si^Ge* spacer iayer 121. And a positive 
gate bias voltage is applied to the gate electrode 116. 
thereby making the electrons move. UnSke the PMOS- 
FET, the n-ctenrtet is formed within the Si layer 120. in 55 
this case, if the magnitude of tie strain is adjusted in the 
same way as the PMOSFET, then the band onset is also 
controftabie. 



10081} figure 9{a) and 9f» are cross-sectional 
views illustrating part of a serraecrtouctor device fabrica- 
te process according to the second esntocdtoiertt. tn 
toe second entoodtmerrt, the same process steps as 
those of the second prior art example may be perfor med 
to form a portion under the channei. 

First, in the process step shown in Figure 
9(3}. toe Si^Ge, {where x=0.3) butter layer 123 arxi i- 
Si^Ge* (wher e x=0.3) spacer layer 121 are formed in 
this order on an Si substrate (not shown}. The JKfcped 
layer 122 is formed in trie i-Si,.«Ge x spacer iayer 1 21 by 
locally irrtroductog dopant ions into the layer 1 21 during 
the epitaxial growth thereof. Then, the i-Si layer 120, 
which contains C and to which a tensit* strain is applied, 
is toe r-Si 5 „j.Gey layer 119 {where y*0£} of which toe 
strain has been relaxed, and toe tower Si cap layer 1 18, 
which contains C and to which a tensile strain Is applied, 
are stacked one upon the ether on toe i-Si^Ge, spacer 
layer 121 . As in the first embodiment, C may be into>- 
»» duced info the i-Si layer 120 and tower Si layer 1 18 by 
ton imptantatton, CVD, UHV-CV0 or MBE. When the ton 
impiantafion method is adopted C may be implanted 
into the i-Si layer 126 with low implant energy applied 
tost after the i-Si layer 120 has been formed. Arterna- 
s tfvefy, C may be implanted after the i-Si^Ga,, layer its 
and toe tower Si cap tayer 118 have been fa med on the 
i-Sf layer 120 such that C is contained to eB of toe i-Si 
layer 120, i-5i,. y Ge y iayer 119 and fewer S cap layer 
t1S. to such a case, the imptantatton process may be 
o performed just once, tf the CVD process is adopted, 
then a gas containing methyl siiane (Sft^Cfry may be 

£0083j Then, in the process step shown to Figure 
9{b). the i-Si cap layer 142 is oxidized, thereby farming 
5 the SiOj fSm 117 to be the gate oxide film, k this proc- 
ess step, toe elation may be stopped at about 75CC 
just before the SVSiOz interface 135 reaches the Sower 
Si cap layer 118 comaming c while taking toe oiftoston 
rate of C and oxidation rate of Si toto account . 

0 (00843 ThereaJter, a p*-type polysificon film is 
deposited and then patterned, thereby tonrntog the gate 
electrode 11$. Although the illustration of subsequent 
process steps is omitted, carrier dopant ions fe,g., 
boron fluoride {BF £ *> tons in tors embodtoiertt) are 

s implanted inte the substrate trom above *e sate elec- 
trode as in the ordinary MOS transistor f^rfoatfon proc- 
ess, to this manner, the sourceASrato regions 1S3, 154 
are defined to be setf-aironsd with the gate elected* 
tt6 (see Figure €{a}}. Furthermore, a metal ffe is 

1 deposited over the substrate and then patterned, 
toereby forming the source/drain contacts 151, 152. 
(00853 According to the second embodiment, the i- 
Si layer 120 and the tower Si cap iayer 118 are doped 
with C unlike the second prior art example. Thus, nei- 
ther structural disorder nor lattice defects are brought 
about to toe totedaces 137, 138 and 139 because toe 
movement and ditusion of Ge atoms are suppressed, 
to addrtron. the rmm* of the gate insulating film is not 



a device using a heterojunction formed 
between the first and second sefrtconductof 
iayere. 



21 The method of Gteim 20, wherein in the step b), s 
CVD, UHV-CVD or MBE process is performed. 

22, The method of Claim 20 or 21. wherein the first 
sernlCOTdticSor iayer is made of Si^Gey. where 
0<y<l . the second s«micooductor Oyer is made of » 
Si, snd th« Wwbitaf isC. 

23. The method of Claim 22, further comprising the 
steps of: 

forming an intrinsic Si layer on the Si layer after 
the step ts) has been performed; and 
forming an oxide f ifm sitetarrtiatly reaching the 
Si layer by oxidating the intrinsic Si layer 
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2d sin 8=nX 
(d: crystal face interval) 
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Fig. 2 

T~~ T * 1 — ' I ' ' ' t 1 1 1 I l ' v T t ' r 




-1400 -1200 -1000 ' -800 -600 

Relative X-ray Incidence Angle (sec. ) 



Fig. 3 
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Fig. 4 
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Fig. 6(a) 
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Fig. 6(b) 
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Fig. 12(a) 
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Fig. 12 (b) Gate Bias 
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